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SECTION I 
INTRODUCTION 


1.1 SCOPE OF MANUAL 


This manual provides a description of the Direct Memory Access Port 
(DMAP) Expander. The expander consists of four printed wiring board as- 
semblies. The description includes a brief discussion of the functional char- 
acteristics of the DMAC, and items which are pertinent to the interfacing of 
device controllers to the expander. 


1.2 REFERENCE DOCUMENTS 


1.2.1 DEVICE CONTROLLERS 


Details of device controllers, which interface to the DMAC, are contained in 
a separate manual for each controller. The Direct Memory Access Channel 
Controller Manual, Part Number 966312-9702, also contains a brief intro- 
duction to each controller. 


1.2.2 OTHER DMAC HARDWARE 


The Direct Memory Access Channel Manual, Part Number 966312-9701, con- 
tains an introduction to the various pieces of hardware which are utilized in 
implementing a computer system with the DMAC expander. 


1.2.3 DMAC EXPANDER CONFIGURATIONS 


The various motherboards and chassis which have been assembled with the 
four expander cards and the device controllers, are documented in addendums 
to this manual. Each addendum contains a separate configuration with a 
figure depicting the card location and a LOAD LIST, for documenting the 
wiring of the motherboard which interconnects the expander to the device 
controllers. See table 6-1 for a list of the manual addendums. 


1.3 GENERAL DESCRIPTION 


The Direct Memory Access Port Expander is implemented on the following 
four printed wiring board assemblies. 


Expander Part Number 
No. 1 216700-0001 
No. 2 216703-0001 
No. 3 216706-0001 
No. 4 216709-0001 
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Of the four, two boards (No. 1 and No. 2) are double-ended, with edge con- 
nectors for the cable which interfaces the expanders to the DMA port of the 
computer. The other two boards (3 and 4) are single-edge connector boards. 


1.4 FUNCTION 


The function of the logic contained on the four expander cards is to expand 
the single DMA port of the 960 series or 980 series computers to eight ports, 
each port being functionally identical to the single port. The expander allows 
up to eight DMA device controllers to operate on a priority cycle stealing 
basis with the CPU. The expander identifies the device controller which has 
requested a DMA interrupt by storing a flag for the controller in a fixed 
memory location prior to further memory access by the CPU after the inter- 
rupt has been recognized by the CPU. 


1.5 ELECTRICAL DESCRIPTION 


1.5.1 SIGNAL CHARACTERISTICS 


Signal levels are compatible with Texas Instruments Series 54/74 transistor- 
transistor logic (TTL) circuits. The logic ZERO (low) level is 0.0 to +0.4 
volts dc. The logic ONE (high) level is +2.4 to +5.0 volts dc. 


1.5.2 SIGNALS FROM CPU 


Signals originating in the CPU that are buffered and/or used by the Expander 
and routed to the device controllers are given in table 1-1. Data lines are 
supplied in the true sense, and all other lines are supplied in the false sense. 


Table 1-1. Signals from CPU 


Expander/ 
Controllers 


CPU/Expander 


Memory Read Data lines (twisted-pair line) 17 lines 
Memory Access Grant line (twisted-pair line) 8 lines 
Channel Activate Strobes lines (coaxial cable) 2 lines 
Interrupt Acknowledge line (twisted-pair line) 8 lines 
Data Available line (coaxial cable) 1 line 
Parity Error line (twisted-pair line) 1 line 
System Clock line (coaxial cable) 1 line 
Master Reset line (coaxial cable) 1 line 


Free System Clock line (coaxial cable) 1 line 
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The interface signals are defined in the following paragraphs. Definitions 
are the same for both the CPU/Expander Interface and for the Expander/ 
Controller Interface. 


1.5.2.1 MEMORY READ DATA (TRUE SENSE). These lines are data 
from memory to the device controllers. MRD,00 is the most significant bit; 
MRD, 15 the least significant bit; and MRD, 16 the parity bit (odd). 


1.5.2.2 MEMORY ACCESS GRANT (FALSE SENSE). As long as Memory 
Access Grant from the CPU is a logic ZERO, the DMAC may access mem- 
ory. Once the DMAC acquires memory access, it is maintained as long as 
a memory access request is present. 


1.5.2.3 CHANNEL ACTIVATE STROBES (FALSE SENSE). One strobe 
accompanies each word of the two-word channel activate sequence. A logic 
ZERO on one of the strobe lines indicates that the corresponding channel 
activate word is stable on the read data lines. 


1.5.2.4 FREE RUNNING CLOCK (FALSE SENSE). This signal, CK3Cl, 
is a 4~MHz clock just as System Clock, however this clock is not inhibited 
during CPU memory refresh. 


1.5.2.5 INTERRUPT ACKNOWLEDGE (FALSE SENSE). A logic ZERO 
indicates that the CPU has recognized an interrupt request, that the Expander 
may store the interrupt word (indicating which channel(s) interrupted), and 
that the interrupting channel(s) may store status. 


1.5.2.6 PARITY ERROR (FALSE SENSE). A logic ZERO indicates that 
the write data sent to the CPU (ona store cycle) was incorrect. This line 
is valid logically only when a device controller uses the parity line to the 
CPU (MWD, 16). 


1.5.2.7 DATA AVAILABLE (FALSE SENSE). A logic ZERO (strobe) on 
the Data Available line indicates that the output (read) data lines are stable. 


1.5.2.8 SYSTEM CLOCK (FALSE SENSE), The system clock signal line 
is a 4 MHz clock from the CPU. This clock is a one-third duty cycle clock 
that remains True for 83 nanoseconds and False for 167 nanoseconds. The 
clock is modified by certain CPU operations, such as memory refresh 
cycles, prior to appearing at the interface. Clock variations are illustrated 
in figure 1-1. Waveforms a through e apply to the 960 CPU and waveforms 
a and d apply to the 980 CPU. 


1.5.2.9 MASTER RESET (FALSE SENSE). This signal line is the master 
reset for initialization when required. 
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Figure 1-1. Computer Clock Cycle Variations 


SIGNALS TO CPU 


Signals originating in the device controllers that are buffered and/or used by 
the Expander and routed to the CPU are listed in table 1-2. Data and address 
lines are in the true sense and all other lines are in the false sense. 


The interface signals are defined in the following paragraphs. Definitions 
are the same for both the CPU/Expander Interface and for the Expander/ 
Controller Interface. 
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Table 1-2. Signals to CPU 


Expander/ 


CPU/Expander Controller 


Memory Write Data 17 lines (twisted-pair line) 17 lines 


Memory Address 16 lines (twisted-pair line) 16 lines 


Memory Access Request 1 line (twisted-pair line) 8 lines 
Interrupt Request 1 line (twisted-pair line) 1 line 
Store Cycle Initiate 1 line (coaxial cable) 1 line 


Fetch Cycle Initiate 1] line (coaxial cable) 1 line 


1.5.3.1 MEMORY WRITE DATA (TRUE SENSE). These lines are input 
data to memory from the device controllers. MWD,00 is the most significant 
bit; MWD, 15 is the least significant bit; and MWD, 16 the parity bit (odd). 
Supplying the parity bit is optional since parity is generated in the computer 
before storing in memory. Since these lines are driven by open-collector 
gates, they are normally high. When being driven, these lines are in the 
true sense. 


1.5.3.2 MEMORY ADDRESS (TRUE SENSE). Memory Address lines are 
from the device controller to memory. Since these lines are driven by open- 
collector gates, they are normally high. When being driven, these lines are 
in the true sense. 


1.5.3.3 MEMORY ACCESS REQUEST (FALSE SENSE). A logic ZERO 
indicates that a memory cycle is being requested by a device controller, or 
by the Expander. The Expander output is logic ZERO as long as any mem- 
ory access request from a device controller is a logic ZERO. 


1.5.3.4 INTERRUPT REQUEST (FALSE SENSE). A logic ZERO indicates 
that one or more device controllers has requested an interrupt cycle (re- 
cognition) in order to store status. This signal remains a logic ZERO until 
interrupt recognition is received by the Expander and by the interrupting de- 
vice controller(s). 


1.5.3.5 MEMORY CYCLE INITIATE (FALSE SENSE), A logic ZERO on 
the STORE or FETCH line initiates the appropriate memory cycle. These 
lines are given by the open-collector gates to the Expander, but the Expander 
drives these lines with a power gate into a coaxial cable. 
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1.5.4 EXPANDER SIGNALS 


Table 1-3 is a list of the expander signals that are used to interface the de- 
vice controllers. These signals are found at the bottom (motherboard) end 
of the expander cards or at cable ports of some expansion chassis. 


1.5.4.1 OUTPUT SIGNAL BUFFERING. All output signal lines should be 
buffered if the cable length exceeds 6 feet. Memory Read Data, Memory 
Access Grant, Interrupt Acknowledge, and Parity Error signal lines should 
be driven into a twisted pair by a noninverting driver (SN7408 or equivalent). 
Cable lengths of 6 feet or less do not require buffering of these lines. The 
Channel Activate Strobes, Data Available, System Clock, and Master Reset 
signal lines require noninverting drivers into 100-ohm ccaxial cable. (The 
characteristic impedance may actually be somewhat less than 100 ohms. ) 
These lines should be buffered regardless of cable length. Refer to figure 
1-2. 


1.5.4.2 INPUT SIGNAL BUFFERING. Any signal line which is an open- 
collector output from the external device controller(s) does not require buf- 
fering. This includes Memory Write Data, Memory Address, Memory 
Access Request, and Interrupt Request signal lines. The Store Cycle Initiate 
and the Fetch Cycle Initiate signal lines should be driven by the external de- 
vice controller(s) into 100-ohm coaxial cable and terminated with 100-ohm 
parallel termination, then redriven by a (net) noninverting open-collector 
driver. Cable length should never exceed 20 feet. 


1.5.5 POWER REQUIREMENTS 


The DMAP Expander logic requires a maximum of 3.0 amperes at 5 volts 
dc. The logic for the standard DMAC Expansion Option (exclusive of cable 
port buffering) requires a maximum of 11.0 amperes at 5 volts dc. 


Table 1-3. Expander Bottom Edge Signal Connections 


Access Grant, Channel 0 
Access Grant, Channel 1 
Access Grant, Channel 2 
Access Grant, Channel 3 
Access Grant, Channel 4 


Access Grant, Channel 5 


Access Grant, Channel 6 
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Table 1-3. Expander Bottom Edge Signal Connections (Continued) 


AG,7- 
IRECOG, 0- Interrupt Recognition, Channel 0 
IRECOG, 1- CB003 63 Interrupt Recognition, Channel 1 
IRECOG, 2- 
IRECOG, 3- 
IRECOG, 4- 
IRECOG, 5- 
IRECOG, 6- CB003 54 Interrupt Recognition, Channel 6 
IRECOG, 7- 


ARDEV,0O- CBO004 51 Memory Access Request, Channel 
Channel 0 


Access Grant, Channel 7 


Interrupt Recognition, Channel 2 


Interrupt Recognition, Channel 3 


Channel 4 


Interrupt Recognition, 


Interrupt Recognition, Channel 5 


Interrupt Recognition, Channel 7 


ARDEV, 1- CBO004 49 Memory Access Request, 
Channel 1 


ARDEV,2- Memory Access 


Channel 2 


Request, 


A RDEV, 3- 


Memory Access 
Channel 3 


Request, 


ARDEV,4- Memory Access 


Channel 4 


Request, 


ARDEV, 5- Memory Access 


Channel 5 


Request, 


ARDEV,6- CB004 73 Memory Access Request, 
Channel 6 


ARDEV, 7- 


Memory Access 
Channel 7 


DEVMWD, 00 CBO002 19 Write Data (to Memory) (MSB) 
DEVMWD,01 


Request, 


Write Data 


DEVMWD, 02 Write Data 


TRAUAT 
ivi VV D, 0 3 


awTate! 


DEV Write Data 


DEVMWD, 04 Write 


Data 


DEVMWD, 05 CBO002 76 Write Data 
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Table 1-3. 


Expander Bottom Edge Signal Connections (Continued) 


DEVMWD, 06 CB002 Write Data 
DEVMWDL, 07 CB002 69 Write Data 
DEVMWD, 08 CBO002 70 Write Data 
DEVMWD, 09 CB002 72 Write Data 
DEVMWD, 10 CBO002 68 Write Data 
DEVMWD, 11 CB002 66 Write Data 
DEVMWD, l2 CBO002 9 Write Data 
DEVMWD, 13 CBO002 1] Write Data 
DEVMWD, 14 CB002 14 Write Data 
DEVMWD, 15 CB002 15 Write Data (LSB) 
DEVMWD, 16 CBO002 52 Write Data (Parity) 
DEVMRDOO CBOOI 75 Read Data (from Memory) (MSB) 
DEVMRDO1 CBOOI] 64 Read Data 
DEVMRD0O2 CBOQ] 76 Read Data 
DEVMRDO3 CBOO!] 49 Read Data 
DEVMRD04 CBOO] 55 Read Data 
DEVMRDO5 CBOO1] 45 Read Data 
DEVMRD06 CBOO1 13 Read Data 
DEVMRDO7 CBOO1 58 Read Data 
DEVMRDO8 CBOO1 74 Read Data 
DEVMRDO9 CBOO!1 51 Read Data 
DEVMRD10 CBOO] 43 Read Data 
DEVMRD11 CBOO1 54 Read Data 
DEVMRD12 CBO001 66 Read Data 
DEVMRD13 CBOO1] 69 Read Data 
DEVMRD14 CBOO] 61 Read Data 
DEVMRD15 CBOO] 41 Read Data (LSB) 
DEVMRD16 CBOO!] 40 Read Data (Parity) 
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Table 1-3. Expander Bottom Edge Signal Connections (Continued) 
[een [ewer [or] severe 
DEVATII- CBO001 DMAC Activate Strobe ( 
DEVATI2- CBOO] 38 DMAC Activate Strobe (No. 2) 
DATAV- CBOO1] a1 Data Available (with Fetch Cycle) 
PARERR- CBOO1] 39 Parity Error (on Store Cycle) 
CLOCK- CBO0O01 7 System Clock 
RESET - CBOO1 “9 Master Reset 
DEVFETCH- CBOO1 16 Fetch Cycle Initiate 
DEVSTORE- CBOO01] 18 Store Cycle Initiate 
DEVADD, 00 CB002 35 Memory Address (MSB) 
DEVADD, 01 CB002 56 Memory Address 
DEVADD, 02 CB002 50 Memory Address 
DEVADD, 03 CBO002 55 Memory Address 
DEVADD, 04 CB002 16 Memory Address 
DEVADD, 05 CBO002 20 Memory Address 
DEVADD, 06 CB002 6 Memory Address 
DEVADD, 07 CB002 3 Memory Address 
DEVADD, 08 CB002 8 Memory Address 
DEVADD, 09 CB002 4 Memory Address 
DEVADD, 10 CB002 5 Memory Address 
DEVADD, 11 | CBO002 7 Memory Address 
DEVADD, 12 CBO002 L2 Memory Address 
DEVADD, 13 CBO002 10 Memory Address 
DEVADD, 14 CBO002 13 Memory Address 
DEVADD, 15 CBO002 17 Memory Address (LSB) 
INTDEV, 0- CBOOI!] 57 Interrupt Request, Channel 0 
ENT DEY 2 b= CBO0O1] 70 Interrupt Request, Channel 1 
INTDEV, 2- CB004 56 Interrupt Request, Channel 2 
INTDEV, 3- CB004 60 Interrupt Request, Channel 3 
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Table 1-3. Expander Bottom Edge Signal Connections (Continued) 


INTDEV, 4- Interrupt Request, Channel 4 


INTDEV, 5- Cc Interrupt Request, Channel 5 


INTDEV, 6- Interrupt Request, Channel 6 
INTDEV, 7- Interrupt Request, Channel 7 
CK30UT- Free running clock (4 MHz) 


SN54/74 SN54/74 


USER INTERERCE | in 


SIGNAL GROUND 


CABLE PORT NON-INVERTING CABLE EXTERNAL DEVICE 
CONNECTOR BUFFER/DRIVER (T.W.PR. 6 FEET) CONTROLLER 


TWISTED PAIR CABLE BUFFER/DRIVER FOR: 
MEMORY READ DATA LINES 
MEMORY ACCESS GRANT LINES 
INTERRUPT ACKNOWLEDGE LINES 
PARITY ERROR LINE 


+5V 


SN54/74 180 :. SN54/74 


USER INTERFACE = SIGNAL GROUND 


oer eee ames 
CABLE PORT | NON-INVERTING 100-OHM COAXIAL CABLE EXTERNAL DEVICE 
CONNECTOR BUFFER/DRIVER CONTROLLER 
COAXIAL CABLE BUFFER/DRIVER FOR: 

CHANNEL ACTIVATE STROBES 

DATA AVAILABLE 

SYSTEM CLOCK 

MASTER RESET 

+5V 
SN7417 OR 
Nadia 180 Z EQUIVALENT 


Lo eae 
270 USER 
= SIGNAL GROUND = | ae a INTERFACE 
: ae : Fe she Sees 
EXTERNAL 100-OHM COAXIAL CABLE i NON-INVERTING CABLE PORT 


DEVICE OPEN-COLLECTOR CONNECTOR 
CONTROLLER 
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FETCH CYCLE INITIATE 
(A) 128194 


Figure 1-2. Cable Port Signal Buffering 
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DIRECT MEMORY ACCESS CHANNEL 


SECTION II 


2.1 GENERAL 


The Direct Memory Access Channel for the Texas Instruments Model 960 
and Model 980 Computers provides a means of transferring data between 
the computer memory and one or more peripheral devices. This capability 
is provided by: 


e Direct Memory Access Channel Interface card in the 960 or 980 
computer 


® Direct Memory Access Port Expander 
e Individual device controllers. 


Refer to figure 2-1 for a functional block diagram of the Direct Memory Ac- 
cess Channel. 


The DMAC Interface card in the 960 or 980 computer accepts signals from 
a device controller or from the DMAP Expander. The DMAP Expander en- 
ables the multiplexing of a maximum of eight device controllers into a single 
computer port. 


The Central Processor Unit (CPU) communicates with the peripheral device 
controllers on the DMAC via an Automatic Transfer Instruction (ATI) in the 
980 computer or an Activate Direct Access Channel (ADAC) command in the 
960 computer. The device controllers communicate with the CPU via an in- 
terrupt request/acknowledge scheme. 


Data transfer between memory and a peripheral device is accomplished ona 
memory cycle request basis. The Direct Memory Access Channel has 
priority over the CPU when both require memory access simultaneously. 


Memory request from both the CPU and the DMAC are monitored by the mem- 
ory controller of either the 960 or 980 computers and grant memory cycles 
to only one source ata time. 


2.2 INSTRUCTION FORMAT 


The Automatic Transfer Instruction in the 980 computer and the Activate 
Direct Access Channel Command in the 960 computer consist of two memory 
words. The format is given in the following two paragraphs. 
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MEMORY cS 


DIRECT MEMORY 
ACCESS CHANNEL 


INTERFACE 980 COMPUTER 


{ 
(DMA PORT) 
CPU aD 


1/0 (DATA) BUS 


DEVICE 


CONTROLLER pence 
f DIRECT 
MEMORY EIGHT DEVICE 
(EITHER) ACCESS PORT K- CONTROLLERS MAXIMUM 
| EXPANDER ne 
DEVICE Beviee 


CONTROLLER 


CPU INTERFACE 
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MEMORY K-——y 


(A) 128195 


Figure 2-1, Direct Memory Access Channel 
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2.2.1 FIRST WORD 


0 7 8 12 13 15 
Used by CPU Used by Device 
Device Address 


Controller 


When the first word is stable on the read data lines from the CPU, a strobe 
is generated that instructs each device controller to decode the device ad- 
dress bits (13 through 15) to determine which device is being addressed. 
Bits 8 through 12 are accepted by a device controller only if those bits are 
defined for that device. 


2.2.2 SECOND WORD 
0 15 


Used by Device Controller 


When the second word is stable on the read data lines, the CPU generates a 
second strobe which instructs the device addressed by the first word to ac- 
cept the second word of the instruction. The second word may be defined as 
anything that is appropriate to a given controller. In general, this word is 
the address in memory of an initialization list for the addressed device con- 
troller. 


All device address decoding is performed by the device controllers. They 
accept the appropriate bits of the first and second words when the corre- 
sponding strobes so indicate. 


2.3 MEMORY ACCESS PRIORITY 


The Expander accepts memory access requests from the device controller 
and in turn requests memory access from the computer. When memory ac- 
cess is granted by the computer, the device controllers are granted mem- 
ory access ona priority basis. Channel 0 has the highest priority, and 
Channel 7 has the lowest priority. The memory access request from the Ex- 
pander to the computer is the logical sum of the requests from the device 
controllers. The computer memory controller cannot distinguish between 
device memory access requests. The DMAC has priority over the CPU when 
both require memory access simultaneously. 
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2.4 INTERRUPTS/STATUS 


The peripheral device controllers may interrupt the program being executed 
by the CPU at any time. 


The device controller issues an interrupt request indicating the controller 
status needs to be processed by the CPU. The interrupt request from the 
device controller is registered by the Expander and an interrupt request is 
forwarded to the CPU. The interrupt request to the CPU is the logical sum 
of the interrupt requests from all device controllers. The Expander and 
each device controller must wait for an interrupt recognition signal before 
taking further action on an interrupt cycle. However, data transfers may be 
continued. 


In order that interrupt recognition may be received by the DMAC device con- 
troller(s), the DMAC interrupt bit in the CPU status register must be armed, 
and the CPU must have trapped to the DMAC interrupt trap location. An 
interrupt request remains until interrupt recognition is received. 


When interrupt recognition is received by the Expander, a memory access 
request is generated which has priority over all channel data transfer re- 
quests. The Expander has the next memory cycle available and uses this 
memory cycle to store the interrupt word in memory (location 00961¢)- This 
word indicates which device controller(s) have interrupted by containing a 
logical ONE in each bit position corresponding to a channel whose interrupt 
request has been registered. Thatis, Bit 0 indicates that Channel 0 has 
interrupted, Bit 7 indicates that Channel 7 has interrupted, etc. Bits 8 
through 15 are always zero. 


As the Expander stores the interrupt word in memory, it also issues an in- 
terrupt recognition signal to each device controller whose interrupt request 
bit was present in the interrupt word. Once a device controller receives an 
interrupt recognition, it issues a normal memory access request and stores 
the status when memory access is granted through the channel priority 
scheme. 


There is no priority among interrupt requests, the Expander registering all 
requests until interrupt recognition is received. However, storing of the 
interrupt (request) word does have priority over data transfer (memory ac- 
cess) requests. 


If interrupts are not enabled within the controller, a device controller stores 
status through a normal memory (access request) cycle without issuing an 
interrupt. 


Table 2-1 gives the memory locations in both the 960 and the 980 computers 
that are reserved for interrupt and status information storage. Device status 
is always stored in the even (lower) location of each pair. The odd location 
of each pair may be used for information pertinent to a device controller at 
the time of status storage. 
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Table 2-1. Pre-Assigned DMA Status Storage Locations 


Hexadecimal 
Location 
DMAC interrupt word 


Bits 0 through 7 indicate that the corre- 
sponding channel has interrupted. 


Bits 8 through 15 are always zero. 


Status, Channel 0 
Status, Channel 1 
Status, Channel 2 
Status, Channel 3 
Status, Channel 4 
Status, Channel 5 
Status, Channel 6 


Status, Channel 7 


2.5 DATA TRANSFER CAPABILITY 


2.5.1 SINGLE CHANNEL 


When transferring data between memory and a single device, the maximum 
data transfer rate is 10° words/second. A maximum of 1 microsecond is 
required to obtain memory access after a request is issued to the computer. 


NOTE 


Memory time allocations for refresh of semicon- 
ductor memories are not added into the listed 
access and transfer rates. 


2.5.2 ALTERNATE CHANNELS 


When more than one device controller is requesting memory access for one 
memory cycle at atime, the maximum data transfer rate is 8 x 10° words/ 
second. This maximum transfer rate is achieved when memory cycle re- 
quests overlap, thus preventing the CPU fron acquiring miemory access, If 
the device controller niemory cycle requests do not overlap, 1.25 micro- 


seconds maximum are required to gain access for each request. 
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2.6 CONTROLLER INTERFACE TIMING 


Requests for memory access and an interrupt cycle may be issued by the de- 
vice controllers at any time. The time that elapses before a memory cycle 
execution begins, or before interrupt recognition is dependent on the activity 
of the other device controllers, the Expander and the CPU. Refer to figure 
2-2 for a definition of the signal relationship at the device controller inter- 
face. 


NOTE 


All direct DMAC interfacing should use system 
clocks to achieve memory cycle stealing because 
of modification to the clock for such things as 
refreshing the semiconductor memory. 


2.7 CHANNEL ADDRESSING 


A device controller may be assigned any desired channel address as long as 
sufficient consideration is given to the system and operational aspects of the 
assignment. Thatis, the highest speed device controller, with respect to 
data transfer to or from memory, should be assigned the channel address 
with highest priority (Channel 0). The other device controllers should be 
assigned channel addresses of lower priority according to their respective 
data transfer rates. Channel 7 has the lowest priority. 


The channel address assigned to a controller determines how to decode the 
first ATI or ADAC word device address bits, and where the controller status 
is to be stored. (Refer to paragraph 2.4.) The channel address also deter- 
mines which request lines to drive and which acknowledge lines to monitor 
when using the channel addressing scheme. 


a 
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Figure 2-2. Controller Interface Signal Relationship 
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SECTION III 
THEORY OF OPERATION 


3.1 GENERAL 


The Direct Memory Access Port (DMAP) Expander consists of circuitry re- 
quired to enable multiplexing of a maximum of eight device controllers into a 
single channel (port) in the 960 and 980 computer. 


The two primary functions of the expander are: 


6 To monitor and process requests for memory access from the de- 
vice controllers. 


e To monitor and process interrupt requests from the device control- 
lers. 


The Expander circuitry provides the logic required to process memory ac- 
cess requests and interrupt requests as well as buffering for all signals be- 
tween the device controllers and the 960 or 980 computer. Figure 3-lisa 
block diagram of the Expander. 


3.2 MEMORY ACCESS REQUESTS 


Refer to the flow chart shown in figure 3-2. The Expander monitors the 
memory access request signal[ AR, (N=0)] from each device controller. 
When any one or more devices present an access request, a memory access 
request signal is sent to the computer (1—~DMAR). If the interrupt control 
circuitry indicates a request for an interrupt store cycle (ARINT), it is 
treated in the same manner as a device request. The interrupt store cycle 
request has priority over all device memory access requests. 


When a memory access is granted by the computer (GRANT), the Expander 
grants memory access [AG(N=0-7)] to the channel with the highest priority 
request [ XAG, (N=0-7)]. If the interrupt store cycle request (ARINT) is pre- 
sent, the memory access grant goes to the interrupt circuitry (AGINT), and 
device requests are delayed for one memory cycle. (See paragraph 3-3 for 
discussion of the interrupt circuitry. ) 


Once memory access is granted to a channel, the access grant[ AG, (N)] may 
be turned off in two ways. In the first case, the channel with access initiates 
a memory cycle and then releases its request[AR,(N)]. The synchronized 
request [ AR, (N=0-7)Q] resets the access granted flip-flop for that channel. 


The second means of turning off the access grant flip-flop occurs when a de- 
vice requests more than one memory cycle so that the request is not re- 
leased after initiating a memory cycle (other than the last), In this case, 
the STORE or FETCH signal is delayed so that on the second clock after 
STORE or FETCH, the signal CHANGE, Q becomes true for one clock time. 
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If at this time a higher priority request is present at the output of the priority 
tree [ XAG, (M<N)]; where N is the channel with memory access and M is the 
higher priority request], the access grant for channel N is turned off. Ifa 
higher priority request is not present, the device with access is permitted 

to keep memory access until its request is released or a higher priority re- 
quest is registered. When a channel has memory access and a lower prior- 
ity request is present, the lower priority request must be delayed until the 
channel with access releases its request. Once no higher priority channel 
has access granted, the lower priority channel may receive memory access. 


When any channel is granted access, the signal SUMAG becomes a logic ONE 
and prevents granting of access to any other channel. SUMAG is the logical 
sum of access grant to all channels (and includes access grant for an inter- 
rupt store cycle). When access grant to a channel is turned off, SUMAG be- 
comes a logic ZERO. Two clocks later LOADA,Q becomes a logic ONE 
which enables memory access to be granted to the highest priority request 
on the following clock. 


As long as a memory access request is present from at least one device con- 
troller [AR, (N)], the request signal to the computer (DMAR) remains a logic 
ONE and the memory controller of the computer continues to grant memory 
access to the DMAC. Refer to figure 3-3 for an illustration of Expander 
memory control timing. 


3.3 INTERRUPTS 


Figure 3-4 is a flow chart of the Expander interrupt circuitry. Each inter- 
rupt request line from a device controller [INTDEV, (N)] is monitored at all. 
times except during an interrupt store cycle. When an interrupt request is 
presented by a controller, the corresponding bit in the interrupt register 
[INTA, (N)Q] is set to a logic ONE. If the Expander is currently in an inter- 
rupt store cycle (AGINT=1), the interrupt register bit is not set until the 
store cycle is complete (AGINT=0). 


Once an interrupt register bit [INTA, (N)] is set to a logic ONE, the corre- 
sponding interrupt line monitor [INTB, (N)Q] will reset to a logic ZERO on 
the following system clock. INTB,(N)Q remains reset until that interrupt 
request is released [INTDEV, (N)=0] and an interrupt store cycle is com- 
pleted. This prevents any one interrupt from being registered a second 
time. 


When any interrupt register bit is set, the logical sum of the interrupt reg- 
ister bits (SUMINTA) is sent to the CPU to indicate that at least one device 
controller has requested an interrupt cycle. SUMINTA remains a logic ONE 
until an interrupt recognition (INTREC) is received by the Expander. The 
time required to receive interrupt recognition is dependent on the software 
being executed, since an interrupt will not be recognized unless the appro- 
priate bit has been set in the CPU status register and the CPU has trapped 
to the DMAC interrupt trap location. 
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When interrupt recognition (INTREC) is received from the CPU, and access 
request for an interrupt store cycle (ARINT,Q) is generated. This memory 
cycle request is ORed with the memory cycle requests from the device con- 
trollers as previously discussed. Since the interrupt store cycle request has 
the highest memory access priority, the interrupt circuitry will be granted 
the next available memory cycle (AGINT,Q). 


When AGINT,Q is set to a logic ONE, an interrupt store cycle is initiated. 
The interrupt word (register) (INTA, (N=0-7)Q]is gated on the memory write 
data (MWD, 00-07) lines (INTA, 0Q—~-MWD, 00; INTA, 1Q MWD, 01; etc.). 
Memory write data bits 8 through 15 (MWD, 08-MWD, 15) are forced to ZERO. 
The interrupt word address (hexadecimal 0096) is gated on the memory ad- 
dress lines (MAD, 00-15). The memory store cycle pulse (INTSTORE, Q) is 
set to logic ONE on the clock following AGINT,Q and remains set for one 
clock time. As INTSTORE,Q resets to a logic ZERO, interrupt recognition 
[IRECOG, (N)]is sent to those device controllers whose interrupt (request) 
bit was registered and stored in memory in location 0096;¢. Interrupt recog- 
nition is also a one clock time signal. 


As INTSTORE,Q resets to logic ZERO, interrupt complete signal (ICOMP, Q) 
is generated causing the interrupt register [INTA, (N)] to be reset on the fol- 
lowing clock. As the interrupt register is reset, the interrupt store cycle 
request (ARINT, Q) and the grant for that cycle (AGINT,Q) are also reset to 
logic ZERO. 


Once an interrupt cycle is complete and the interrupt register is reset, the 
interrupt requests may once again be registered. However, those interrupt 
request lines [INTDEV, (N)| that were registered and stored in the interrupt. 
word in memory are inhibited as long as that line remains a logic ONE. 
That is, an interrupt request from a device controller must be released (re- 
set to logic ZERO) before being enabled and registered again. The inhibit is 
INTB, (N)Q for each interrupt request line. Figure 3-5 is a timing illustra- 
tion of the interrupt circuitry. 
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Figure 3-1. DMAP Expander Block Diagram 
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Figure 3-2. 
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Figure 3-3.. Memory Access Timing 
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Figure 3-4. Interrupt Request Monitor and Control 
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Figure 3-5. Interrupt Cycle Timing 
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SECTION IV 
MAINTENANCE 


4.1 GENERAL 


This section combined with Section V provides the information required to 
troubleshoot the Expander and related circuitry. These sections include the 
connector pin numbering and printed circuit board network location designa- 
tions. Reference figures 4-1, 4-2, and 4-3 to determine network location 
designation and connector pin numbering as used in the logic diagram. 
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Figure 4-1. Single Connector Type 1 Printed Circuit Board, 
Outline and Circuit Locations 
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Figure 4-2. Double Connector Type 1 Printed Circuit Board, 
Outline and Circuit Locations 
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Figure 4-3, Interface Type 1 PC Board Connector, 
Top Edge Pin Numbering 
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This section contains the assembly drawings for the DMAP Expander printed 


SECTION V 
DRAWINGS 


circuit boards, the CPU to DMAP Expander Cable, and the logic diagrams 


for the DMAP Expander. 
bly drawing and logic diagram for the DMAC Interface Card. 


major signature list of the DMAP Expander logic. 


Title Drawing Page 
Board Assembly, Expander No. 1 216700 5-3 
Board Assembly, Expander No. 2 216703 5-7 
Board Assembly, Expander No. 3 216706 5-11 
Board Assembly, Expander No. 4 216709 5-15 
Cable Assembly 217079 5-19 
Point-to-Point (Cable) Wiring 217080 5-25 
Logic Diagram, DMAC Expanders 217812 5-33 


Table 5-1. 


Major Signature List, DMAP Expander Logic 


AGINT, Q 
AG, (N)Q 
AR, (N) 

ARINT, Q 


ATI1L;ATI2 


CLOCK- 


CPURUN 


DATAV 
DMAR 


Access Grant for an Expander interrupt cycle 
Memory Access Grant for channel (N) 
Memory Access Request for channel (N) 


Memory Access Request by the Expander for an 
interrupt cycle 


Channel Activate Strobes accompanying first and 


second words of an Automatic Transfer Instruc- 
tion (980) or an Activate Direct Access Channel 
command (960) 


System Clock (from CPU) to the device con- 
trollers 


Indicates that the CPU is in the RUN mode and not 
IDLE 


Data Available 


DMAC Memory Access Request 
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Additionally included for reference are the assem- 
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Table 5-1. Major Signature List, DMAP Expander Logic (Continued) 


FETCH Fetch Cycle Initiate 
GRAN Memory Access Grant from the CPU to the DMAC 
ICOMP, Q Interrupt Cycle complete 


INHLOAD, Q- Enables granting of memory access to the highest 
priority request 


INTA, (N)Q Interrupt Register, channel (N) 


INSTORE, Q Store Cycle Initiate for storing the Expander inter- 
rupt word 


IRECOG, (N)Q Interrupt recognition to Channel (N) 
MAD, (N) Memory Address Lines 

MRD, (N) Memory Read Data Lines 

MWD, (N) Memory Write Data Lines 


PARERR CPU detected a Parity Error on Memory Write 
Data during a store (DMAC) cycle 


RESET- Master Reset from the CPU to the device con- 
trollers 


STORE Store Cycle Initiate 


SUMINTA Logical sum of the controller interrupt requests 


XAG, (N) Output of memory access request priority logic. 
True output is highest priority request. 


5-2 Digital Systems Division 


ON LEVEL 


va9 


Es 
a 


2 | | 002912 Ig! | ae 


KCB9I95(C) 2/1/71) O: Chesreme’ 
CHG LM ITEM 47, P/N WAS £I35/6-3F000 
MOD. Y) REVION LEVEL BLOCK. 

QNOVE 2. 
YD LM ITEM 1. 


SEE MOTE 371837 FS Pinrceny 1-19-72 [532] Von 
REVISED W/one. , C/O UPDATE To AGRer. 
W/ART WORK A 
-CIRI4381 ) SF Punay 40> u 
CHG: CLASS OF CHANGE ON DWG REV B, 
ECN 3/7$837 WAS "E"” 
| P ] 368539 (E) 7-24-73 PAeet le /Z7/73) 
CHG ULOCATION E3, SN7AH4#ON WAS SNTIABON. LM) 
‘TEM 5, QTY WAS 6. 3)/TEN 13, QTY WAS 2 
ADDED: LM ITEM 15. 
=| 2690286c) DPerce 4 
Pees NOTES 3¢4 Py libre 
MATRON OROATE) Pp 
KEV CEv BCR (2D RPODOEQD PWB Fo AE 
1 
“fant (ADDED NOTES 
TELE CAULYTS OW F/O (Z)UPLATE OD 
SEE NOTE 1 me or ries 2 TOPGRTED RE, 
SES 7 OF. Ad wren 77, Vv 
LEVEL BLOCK "s/1s 
K | 412 Mob (D) RD MIUPDATED BEY S| / | Ae 
LEVEL BLOUK [| arin Tey 
SEE NOTE 5 NOTES : 
UNLESS OTHERWISE SPECIFIED 
1. MARK APPROPRIATE ASSY REV LETTER 
APPROX WHERE SHOWN PER 
PROCESS 1 (FARSIOE) 
& MARK THE WORD "LOGIC 2/7812 -990; "MNO 
APPROPHIATE REV LETTER APPROX WHERE 
SHOWN PER PROCESS I (AARSIDE). 
3. MAXIMUM COMPOLIENT HEIGHT 
FROM COMPONENT SIDE OF 
CARD 15 .31 
4.MAXIMUM LEAD LENGTH FROM Cc 
CONDUCTOR SIDE OF CARBD IS OTS 
5S. MARK APPROPRIATE SERIAL WUMBER WHERE SHOWA PER 
PROCESS / (FAR SIDE) 
MOTE 2 


G. MARK LETTER "A" WHERE SHOWN PER PROCESS 1 (FAR SIDE}. 
ys NUMBER "1" WHERE SHOWN PER PROCESS 1 (COMPONENT 
DE ). 


m TEXAS INSTRUMENT 
oma 92 AKA 510 /. RUBBER STAMP wtia) "econromatae ; 
FOACT ONAL @) 64 ANGULAR & 1° Z NOVSTEAL PRODUCTS Btvre OR 
SSSR Ay | PER F100, Herons LER Semen ere 
dered ac tutes ane teats tocar | 12 ‘| S040 ASS Ys 


DO NOT SCALE TS Dtawing 


BL. DIMENSIONS oN INCHES 
SVPFACES aarets A 1 mave 


EXPANDER ty 


PRINTED WIRING BOARD (2/6699 Hor) FIG 4 


LOGIC DIAGRAIA FOR ~OO0! ASSY (2/78/2990) « AIBTC 


ASSEMBLY 4 |4 jal ic) HLT K 


; 2 
ey tuner a - = + th atime oe al. co we : hea ae 


5.3/5.4 


“ TEXAS INSTRUM ENTS PART NUMBER REV 
INCORPORATED LIST o— MATERIAL 
DATE 65/01/75 


PAGE 1 of LM 216700-0001 | Ke 
216699-0001 


PRINTED WIRING BOARD 


QUANTITY 
PER 


ASSEMBLY 


0cC001.000 


60003.000 222222-7404 |NETWORK SN7404N 

0003 _ 00001.000 222222-7400 |NETWORK SN7400N -SNT7400N 
0004 00001.000 222222-7410 |NETWORK SN7410N -~SNT7410N 
0005 00005.000 222222-7440 |NETWORK SN7440N -SN7440N 
0006 00003.000 222222-7474 |NETWORK SN7474N ~SNT747T4N 
0907 00005.000 972975-0031 {RES FIX COMP 130 OHMS 5 % 1/78 WATT QPL- RCOS5G181JS 
OOOTA R1eR3eR8yRLOVRL2 
0008 00005.000 972975-0035 |RES FIX COMP 270 OHMS 5 2% 1/8 WATT QPL- RCO5G2714S 
OO08A R2eR4eRIeRI1,R13 

0909 0€005.000 972975-0036 |RES FEX COMP 300 OHMS 5 % 1/8 WATT QPL=- RC05G301 5S 
OOO9A RS5sROeRT R14 eR15 

0010 00001.000 EA 972924-0015 |CAP FIX TANT SOLID 47 MFD 10 2 20 VOLT QPL-M39003/1-2295 
OOLOA C1 

001i 0C012.000 EA 524348-0001 |CAP FIX CERAMIC .10 MF 20/80 % 10V CRL- UKIO-104 
OOLIA C2 THRU C13 

0012 00006.000 EA 240000-7404 | NETWORK=SN74HO4N 

0913 | 00004.000 EA 240000-7440 NETWORK=SN74H40N 

0014 | REF EA 217812-9901 | DI AGRAM,LOGIC-DMAC EXPANDER¢ 
tO Ge EE : 216696~990 SOURCE TAPE, MASTER FILE-DMAC LOGI 
ae as CATE | CKD DRAFTSMAN OATE | DESIGN ENGINEER 

esate eee, BOARD ASSY+EXPANDER NO 

Beis DATE | APPD PROJECT ENGINEER RELEASFO DATE | PROJECT NO. 


PART NUMBER 


LM 216 700-0001 


each Sh a ts Be Ds TERE DC RE EE SEER OTT eT TY 


oa 


1g, TEXAS INSTRUMENTS PE ab con at aes 
5 INCORPORATED LIST of MATERIAL LM evs ieee 
eae “05/01/75 eee 216700-0001 | Ke | 
ee | ioe tet, ola PART NUMBER DESCRIPTION VENDOR PART NUMBER 
7016 | REF EA 973567-9901 |TEST PROC,OMAC EXPANDER BDS 


“MAN DATE | CKO DRAFTSMAN 


DATE | DESIGN ENGINEER OATE | TITLE 


‘ 
NEG DATE | APP PROJECT ENGINCER DATE | RELEASED DATE , PROJECT NO. | PART NIUMBER 2EV 


ree ene oe 2 — eee eee eee LM 216700-0001'! Ku 


EOLI/2 a! Pe 


4. 


a. ONS Y 


WE/D-CHG DESCRIPTIONS ON NETWORKS AT 

LOCATION: Al, A2,A3, 02 * D3~-SN74S500N WERE 

SNT400N.@ LVM- ADDED ITEM 8,@ YM-aTy 

\TEM 2 WAS }t 

6} 37/838 (EL) F. Prenrcey I-7-7e])-12-7] Vth 

CMG: 1) LM. IT. 3, P/N WAS 222222-7401 
Z)ON F/D SN74HOIN NET WORKS 

WERE SN 740IN 

ADDED: REV. BLOCH ZONE Di 

| ¢ |37evos (€) 0 Wala 3-18-72 [3-21-72 [sa ecdegr | 

AQDED: UPDATED REVISION BLOCK £ 8100/3101 TO N/A 

D 1314798 (B) 8-1-12 %.L ta war [bn _| 

ADD. NOTE 2 DELETE: CONNECTION BETWEEN 

P2-35 ¢ GRD BUS - 

[E 1368539 (E) 1-24-73 Goa T2703) en ee | 


ADDED: LM ITEM 1/5. 


BEA ae 
F | sreica(e)t 2. 2isire : 6 
 OELETED NoTE 2 
2) DPDATED REV- STATUS BLOCK 


: eruta 1) LILIES) t mr A i< 
Cae Tes seer pre Tk 
(MW | SEEEPE CO, 0D fhm (1) 1 
|\LECE TE (OLIN EVE GT A 
WAS BIB. CF LVO LATIF COW KAS 
LAMPESCOAN SWE FOACES #) C1) PODPED 
SI EDI (O.CO WAWVEIO REL CEY BCA. 


a 
YY | BPLKE9 RC OLA HO) y ae 
UPOATEL REV CEU PRLK Vipy Ld Sirs 


KPT By tame NKEWIED - 

poh (EVEL BLOCK. OTF Adan 

iL PALL OM AEVISED FEN rn tit Gt 
afred BECK s AD LT tea, 


yy] eas Od) eam VPMRIED | ; 

"| ev LéneL BLOCK Sas \ Mahent 

|N | 412064 (DIG. Gayal/) UPDATEL |°,'s ‘Aad in. 
Rev LEVEL BLOCK (ie Yeesens 


MOTES: UNLESS OTHERWISE SPECIFIED : 

1 PIAAK APPROPRIATE REV CEIMTER 
APPROX WHERE SNOWY PER FRICESS / 
FAR SIOE 

3. MAXIMUM COMPONENT HEIGHT FROM 
COMPONENT SIDE OF CARD /8 .3/ te tte. De 

9. MAX/MUM LEAD LENGTH FROM CONDUC 7OR * 
SIDE OF CARD IS .O75 


c_ ‘ = - oa . aL wate . if 
5 : _ : Sos OO ‘@-23-7d - , nay Si 

“ lf RUBGER STAMP ee ae elope” tie atthe | ae Ves * oes 
: ee | AER £-100 MEIGKT i tal 2.66 9d eth x ve, th attendee foie 
= : 2, COLOR BLK PELs AY 2 nn CLAD WES 
2 . cae ite tg ap nt LDVLER * 
S| PRINTED WIRING BOARD 216102 —-O001 G | 35 coigae eae poe pte a +f z he hE OE 

LOGIC DIAG. FOR -0001 ASSY. (217812-9201) (ELE IE | 64 aeskeurancumes = Mae on Legs 

ASSEMBLY See aaa eee 

1 ms 2 Se 3 on 
. a 1 , eee yo) eee ae a cies mh ; a metas! ' A Ae nO RET =, Mies 


O1-S/67S 


LIST of MATERIAL PART NuMBER Rev 
DATE 95/01/75 PAGE 1 of LM 216703-0001 |A/s 


PART NUMBER DESCRIPTION VENDOR PART NUMBER _* 


PRINT QUANTITY UNIT 
EM OF 
\ NUMBER ASSEMBLY ISSUE 


R33 


0015 REF EA 216696-9901 |SOURCE TAPE,MASTER FILE-DMAC LOGIC 


0016 REF EA 973567-9901 | TEST PROC,OMAC EXPANDER BOS 


0001 00001.000 | EA Se 216702-0001 |PRINTED WIRING BOARD,EXPANDER #2 7 
0002 00011.000 | EA 222222-7400 |NETWORK SN7400N -SN7400N 

0003 00009.000 | EA 240000-7401 |NETWORK SN74HOIN 

0004 00001.000 | EA 222222-7404 |NETWORK SNT7404N 

0005 00001.000 | EA 972924-0015 TANT SOLID 47 MFD 10 % 20 VOLY¥ QPL-M39003/1-2295 
O005A | | 

0006 00012.000 | EA 534348-0001 CERAMIC .10 MF 20/80 % 1OV | CRL- UKI0-104 

O006A | C13 

0007 00033.000 | EA 972975-0036 COMP 300 OHMS 5 & 1/8 WATT QPL- RCO5G3014S 


DATE | TITLE 
DATE | APPO. PROJECT ENGINEER RELEASED DATE | PROJECT NO. PART NUMBER Ne 
ees gioo/sion | _____JLM 216703-0001 


wa 


TL 13849 


2 Pdr | le lie 


ADUED: REV. BLOCK ZONE OF ¢ 8100/8101 TO N/A 
| 8 3368539 (6) 7-24-73 Bethe ah ae 
ADDED | LM ITEM 15. 
| C \O0W389OL ECLA Paik agree 
(IAILED WOTES 2AN OC 3 ce 
A = 


| D | 368847 ALS 7) AOCED Cae eal 
STEM 6 JO CM 02; CLC PTED REV cEY 
PCK - 

EN 392308 (B) DOe-— C1) UDA 7€0| +19. yu lerk, 
REV LEVEL BLOCK | . 


Fi | CL 95s 79200. A. AA DATED 
REV LEGEL CLCCK 


SKIP4 Baty > 


P73 tadlgcn 


“yen tea lag 


[3 8N7410N- 


N74H40 


Lee 


WS sheik BOSS Letina SRS 


oki 


CEDAR ASANS a co 


OR OR AAA ARAAAA I a OT ROA ARR AARAARE OTE ARORA ARRASARED EEE RRR AAAR RARE ELE ORR 


NOTES :; 
L MARK APPROPRIATE 4SSY REV 
LETTER APPROX WHERE SHOWN PER 
PROCESS | ( FARSIDE) 
2. MAXIMUM COMPONENT HEIGHT FROM COMPOWENT 


SIDE OF CARD 1S .3} 
3. MAXIMUM LEAD LENGTH FROM CONDUCTOR SIDE 
OF CARD 1S .075 


ee ee: eee ee 


Pane ton nen A ARAL Aa AA ASAE IY NAR AAARARRAARAE 81 AIS NAAR RRRRRARAD Ein A ANAAAAAARARAAAE RAE EY GE 


i * fe A 
|. RUBBER stamMP [7 Zia le eeoa a: 


PER FIOO,HT N25 5 A elGeo4 ie 
COLOR BLACK [ °7 77 


att te Fp { -YPANCER N 
ee tees gana te as opin ee : 
+ baits _OMAC 
ob. ele £. COMPUTER 


ress lay Or BIE7TOG I 
| , ie YR ee LM 


= - ek : mame =o ey wee 
o£ SONS S a 


Iw] <O5/6 DIAG FOR ~ 0001 A3SY_(2/7&l2-990N |C[elel oe 
i | ASSEMBLY BER 


ie) 
€ VISIONS 


4 


SS hh S12 


PI-S/ET-S 


Gur-iny 
PER 
ASSEMBLY 


OCOOLT.eCOS 
02005.000 
00004. 000 
00004.000 
CQ0007.000 
00001.000 


20001.000 


000132000 


90001.000 


30016.000 


REF 


DATE 


OATE 


| 
FA | 
EA 
FA 
EA 
EA 
EA 


CKO ORAFTSMAN 


A®PD ORGIECT ENGINEER 


DATE 05/01/75 


216705-00901 
222222-7400 
222222-7402 
222222-T404 
222222-7410 
222222-7430 
240000-7440 
222222-7474 


972924-0015 


534348-0001 


216696-9901 


973567-9901 


DATE | RELEASED 


DATE | DESIGN ENGINEER OATE j TITLE 


a a 


LiST of MATERIAL 


PRINTED WIRING BOARD-EXPANDER #3 


NETWORK 


SN7400N 


NETWORK SN7402N 


NETWORK SN7404N 


NETWORK 


NETWORK 


SN7410N 


SN7430N 


NE TWORK=SN74H40N 


NETWORK 


SN7474N 


CAP FIX TANT SOLIO 47 


Cl 


CAP FIX CERAMIC .10 


C2 THRU C17 


SOURCE TAPE,MASTER FILE-DMAC LOGIC 


MFD 10 2 20 VOL 


MF 


PAGE 1 


TEST PROC,OMAC EXPANDER BDS 


DATE | PROJECT NO. 
fee ey 


Che 


ny yey 


ta et Se 
: 

°? 
viel 


of 


20/80 % 10V 


PART NUMBER REV 


LM 216706-0001 |» 
VENDOR PART NUMBER 


~SN7400N 


TI--SN7402N 


-SNT7410N 


~SN7430N 


-SNT474N 


QPL=-M39003/1-2295 


CRL= UKIO-104 


LM 216706-0001 |G 


PART NUMBER REV 


Oe b0z29/2 a 


A 
i i 
4* 
B i 
NOTE | 
i) : 
: } 
i : 
i 
c | 
; 
Fi 
i 
§ Loves) 
ib i 7 
ie : ; 
“i : wea cs to, Cm, oi re ® * es! dial 
£a | ea 4 ee ae: ibrar sey ee 
PATA RED ETE As ee gg % 
Ooty mi 7 : 
B a reek 4. + 5 
gidiacdifv eres Geadbe cca ccae stati, aay aera 
12] 
VEE om. _ io Aste of ; 
IS | we 2/6708 3 é € FI 
i 0GiC DIAG FOR - OOO! ASSY y (2/7812-990)) xa Ewer r re 
ASSEMBLY al B12 DEFG Hl teat. 
= ee ~T 2 i: re 


i . 4 


LEW 26/718 | 


iV9e4 ane 
Lp ape ty 


4 | er 26% ee C. 
ALOCEO NOTES EMO 3 
| BEEEEG A LO FE 1s SE DED 


OMB 9Z3C IC) 10 lnm tf UPDATED, ~ 3-2 UNI 
REV LEVEL BLOCK 


TN DD TIA SO) WM wr ette CF ITEM [Oat Ns 
T WAS DERISIH- 7356 623) VEOOATEO cEveve Bee 
Aiy, sae es EAE” BAY POS a me 
SL SSS TEP OD FTE YP LATEO is al "bun 
RE LE BLICE Bir | 454 
NaI 22 E68 (BYG- Gaeae O)PORTEL “tah fad ans 
REv LeveL Becen 


NOTES: 

1 MARK APPROPRIATE ASSY REV LTR 
APPROX WHERE SHOWN PER PROCESS /. 
CFARSIOE) 

2, MBEAN UM CON PNET AEGA KF FlGM 
COMIFORELT £10€ cP GARO Yt. 

Bo ALTIUM CARD CEVCTAH FLAN CONILOTC R 
SOE CF CARO /S 2.075" 


rs LRLGBER STAMP. Bo 2 6Ee8 be 
Pan gh tel EDEN CD Se ee fea 
PER £-/09, ee 


R : 
AEC? we poe, ape tN ear 


COLOR GLALCK 


BOACO Aao¥. 


| 
es 


oe ee Pa ere ee eg EYXYPANOER NOE 
See ee a 17, 
ate eee ee a 4: Pe ay ee COMCUTER Ate ae 
Ses | NE ; ite hee Tey Oe 
———— heen | er ne tt i ew tt ere ee ee ee — 
: a} q 
~ : : LA: 


5-15/5-16 


ST a7 is 


Oo © ~ © oO 
oO oO io) [o) oO 
_ [o> (oe) Lo) [e) 
Le} NO} (ve) ~ ion 


QUANTITY 


PER 
_ASSEMBLY 


00001.000 
0)007.000 
00006.000 
00002.000 
00001.000 


09003.000 


DATE 95/01/75 
PART NUMBER 
216708-0001 


222222-7400 


222222-7404 


222222-7430 


222222-7402 


222222-7410 


C0C06.000 222222-7T4T4 
00002.000 EA 222222-7475 
00001.000 EA 222222-7420 
06001.000 EA 240000-7421 
00008.000 EA 972975-0049 
99006.000 EA 972975-0036 
00001.000 EA 972924-0015 
00016.000 EA 534348-0001 
REF EA 216696-9901 
REF EA 973567-9901 

DATE | CKO. DRAFTSMAN DATE 

2 eae EE 
DATE ; APPD. FROJECT ENGINEER DATE 


es 


DESIGN ENGINEER 


LIST oF MATERIAL 


PAGE 1 of 


DESCRIPTION 
PRINTED WERING BOARD-EXPANDER 4&4 


NETWORK SN7400N 
NETWORK SN7404N 

NETWORK SN7430N 
NETWORK SN7402N 

NETWORK SN7410N 
NETWORK SN7474N 
NE TWORK-SN7475N 

NETWORK SN7420N 

NE TWORK-SN74H21N 

RES FIX COMP 1.0 K OHMS 5 % 1/8 WATT 
R7 THRU R14 

RES FIX COMP 300 OHMS 5 23 1/8 WATT 
R1 THRU R6 

CAP FIX TANT SOLID 47 MFD 10 % 20 VOL 
C1 

CAP FIX CERAMIC .10 MF 20/80 % 10V 
C2 THRU C17 

SOURCE TAPE,MASTER FILE-DMAC LOGIC 


TEST PROC »DMAC EXPANDER BOS 


OATE | TITLE 


DATE | PROJECTNO. oe, 


BOARD ASSY.+EXPANDER NO & 


PART NUMBER REV 


LM 216709-0001 He 
VENDOR PART NUMBER 


~SN7400N 
-~SN7430N 
TI--SN7402N 
-SN7410N 
~SNT474N 
~SN7420N 
QPL= 8C€056102JS 
QPL- RCO5G301JS 


OPL-M39003/1-2295 


CRL- UKI0O-104 


PART NUMBER REV 


M 216709-0001 | 6 
—_——— LY 


ns 


evr -:- oy ED EE er PER Se “eee bimeadl —_——— =e oP TE aC ee ee a aS ey Sere Oe ay a EERE SD. Sr er ere e — wo ry eS ee erent “ot 
| aR ae ee ee Panett eh nae eee Se! A 
t ? eS 
et oe were : eT 
A | 967276 (A) 616-7) -B. Cand L 


DELETED I) VIEW AA WIS ACRISS CABLE ENTERING PI 
QVIEW B-B WAS ALPLSS The BALK 2 P/ 
BDVlEW DO-D WAP ALL SSS THE CACK OF PS 
i A)OUL SIGOtO/S bMS OW P/ 
; S)DIM, 1ROOL. 25 FH RIW RIGHT CF PY TO END OF CABLE 
7 en ae SACKET ON MAM FAUNK 
Chas Pere eee CIOW. 2002.25 FPO END OF SACKET TO°Y CM CAN. 
BS Phe Oa 5 Hee SS Wolo. 1.080 FUR Hel OF POTTING OW BACK OF P/ 
KOBE KEIST 1 : 9) 7M TY Pw 
BSSr Be es te Fe ? rd cd 2ISOLI-COOF 
j a ISFT 2I6IO3-O750 
10 4 FT = 236320-0000 
43 an 23//43-2O/f 
DITEM 7, P/V BIOZSS-FISO 
iW CCO§ AIY BS FT 
1 -0010 @TY $0 FT 
We CC2ZO ATY 100 FT 
CHE I) NOW FOR ITEM 9 WAS /TEM 4 
QQY OF ITEM I WAS 4 
ary OF /7t 9 WATS 
ADDED S)ITEMS 14,15, 16 (LIB II, $LO0 


2) DETAL E 


DDIM 400 
ANGED : 1) ITA WAS PN 23G6552-0000 
2) IT.15 WAS PN 236551-000! 

3) ITEMG,PN WAS 2402G1-000). 
4) -0005 IT. 12,QTY. WAS 15.4 . 
5)-0010 IT.12,QTY. WAS 30.4. 


7PLACES WI REF (2) 2 PLACES C2) 187 READ. 6) -0020 IT. 12, QTV. WAS GO.4 . 
AQDED URS IT. 22. 2) REVISION LEVEL BLOCK. 


(16) 3 PLACES 
PI,PZ2,§ PS ; 'C 1374799 (B) S Fisxesy 8-4-72 eae & 


P/ RE Wr " 
B seri C DELETED: /TEM 15, P/N WAS 417682-3000, QTr 
ud ON - -000S -O0/0 #-0020 LM'S WAS AR, ON- -0007 
LM aTY Was //2: 
CNG: ALL LM'S, /T. 14 P/N WAS 4176 82-3999 
2LM -9002,/7T & ATY WAS IS, 3) m~0005 
17. 6, @TY WAS 35,4) -0010LM IT & | 


QTY WAS 70, S)LM-0020,/7. GC aTY 
WAS /40. UPDATED REV.LEVEL BLOC 


| O [37944/ (Cc) 2 ase 6-873 as 
1, ADOED NOTE 2 

E )\374266(D/ 2 menaatar £-/0-73 ! ae 

1OTY FOR ITEMS . 44 /8,-~000F8 ¥ -20/0 

ON L771 WAS Ak 


280074 (CO) 4 xa de oe 3-78 [5-75 4 PYM L 
Ack DASH AOS 17 S WAS Ms LISI HOI; UTY WAS 
6.c) 

CHAK DED: 1) =2 £49517 14 FALWAS 539458 ~053 
Q™, WAS Hé OFT 715 TY WAS 2 SUF TSiT/9 Ty. 
WAS 2.0 EA. 

2)-S5 LANG IT 12 QTY WAS AR FT IT 
(QA PYN WAS 534628-00E53 ATY nas <ON2IOFF 
(TIA QTY WAs ICUFT , 17 19 ATY WAS L£OEA. 


LEAVE SERVICE LO0P [WV CENTER CONDUCTOR 
[ CF COAL AAD $02D44 $N1ELO TE BUS 


DETAIL E 
SCALE: NONE 
(18) 2 PLACES 


Banal 
(17) (2) 24-40 K YE one a 


Be 4 H. 
@l2e*4 FLATS p2 REF Nets 


MARK: 
BAC EXPANDER NE, / sae ra 


ABS] FE) Ea Cpe 3 4 
PIN / 


—_ 


P3 REF (13) 2% 4.-40x76H 
: &@ PLACES 


oO 
MARK: ODMAC PORT 
ee | Aa 
fe) 


(19) 24-40 5S dad 
We REF y 
PIN | 
3) OEM IIe AT Was 42 FT ge 


(a AC EXPANDER A.2 
MARK: DAA P/AI WAS 329423 - O.63 Gy wis 2.0- aT 


| (BQTY WAS ZIOFL Ct Gi¥Y WAS SUES. 

0.§ PART NO. EXAMPLE DCD OM IT IZ ATTY WAL AR ET, LT 4 

a4 2 4 PLA NAS SSABESUES ATY WAS AR ET, 17, 
al (Boalt WAS AR FT. TG “IY wars eu cA 


SEE DETAIL E 
2 FLACES 


ee 


FIO CHANGES MY ZONE BD OD 2%4-4I% 7) BA WAS 
BASEN, 


: ONEFI BAH 2) LAE BR Cy eA gH 
MARK APPROPRIATE FART NO. DIM. A WET 


CPLALES) WADE 684 die NCO MAES, 
¢ REVISION LETTER C3) ZONE BB ACLEO Ce iBT FOG yal Le earer 


REV. 4E ve BL tlw 


NOTES. 
VEIR EMI A EEE Sib  RRIBIOE 
a i ae eee wid eat, 

E.TR ETE AID of NG TOC FE Tes = 

TO WIT HMIAD DS : 


TERIA AALS or 
Fu cl IVER HO LS a SP Cla ITT TEL FC 


SEM &, 


hes, DETAIL C 


4 SCALE : NONE 


oc? se os Pern : ? 
2 : ; 4 . 


: /. Hor Sranie PES ieee A GEER EOS : , ee : 
s | F+100, HEIGHT./2, ae é H 
“9, COLOR PLACE . eae 5 28 ee i 
My See Eire _ CABLE ALSY, 
J Z a. VL PY TO _OMAC : 
v 7 fe 08 _ 780 


vlebe ges ; : 
ek oe ee 3 | -—_—- —— SPE Sa COMPUTER aan 
pa a? aes \ me aS, - 
7 ie Pe { ; > o ; 
Pease We SETI Beh et eS Pe ae eM Bt Sat Nr 2 eae ea A . , lds htectin lock age tga ie Ue acon al; O 7“ 
z : 
2 3. Da s+ a4 / v4 if 


; 


5-19/5-20 


[2-S 


PRINT 


ITEM 
NUMBER 


RAFTSMAN 


sPPO.-MFG. 


Th 13649 


QUANTITY 
ASSEMBLY 


CU187.C00 


00003.000 


00002.000| 


00002.000 
00028.000 
00007.000 
REF 
90005.000 
00193.000 
00001.000 
09001.000 
00013.000 
00010.000 
00002.000 
90004.000 
00187.000 


REF 


DATE 


05/24/76 


PART NUMBER 
972053-U0002 


231447-C800 


214080-0C01 
2140 81-c001 
7722 28-C001 
4182C1-0001 
217080-S901 
41140-0018 
966760-2896 
216128-CO0C1 
216136-0001 
9724 26-0019 
972988-0016 
4186212-C040 
411027-0804 
972053-C002 


973585-9901 


DESIGN ENGINEER 


RELEASED 


LIST of MATERIAL 1 of 


DESCRIPTION 
SLEEVE ,SCLOER,TAB TERMINAL 


CONNECTOR PC 36 PIN 

PL»P2,P3 

CONNECTCR-COVER 

CLAMP 

CAPLE COAXIAL 80 OHM UL STYLE 1371 
STRAP »MARKEP ,ANJUSTABLE se PLASTIC 
WIRE LIST,PT-TO-PT-CPU TO OMAC 


WIRE,BARE TINNED,18AWG, COPPER BUS 


WIRE,TWISTED PAIR #28 WHT/BLU- IPVC 
COVER» CONNECTOR 

HOOC »CCANECTOR 

INSULATICN SLEEVING PVC CHLORIDE 
SCREW 4-40 X 2.438 PAN HEAD CRES 
STRAP, TIECGWNy ADJUSTABLE + PLASTIC 
WASHER 2.125 X 312 X .032 FLAT CRES 
SLEEVE+SCLOER,TAB TERMINAL 


UNIT TEST PROCFOURE 


PART NUMBER 


LM 217079-900 


VENDOR PART NUMBER 
FCH--C-704-02 


VIK-2VH-36/1CN-5 


GOA-GWN1OL3 


QPL=- MS3368-1-9 


1472 TSTP ULECY! 


HT-105C-24 


QPL- MS3367-4-9 
OPL=- MS15795-804 


PCH--C-704-02 


DATE | TITLE 
DATE | PROJECT NO. 
so 


PART NUMBER REV 
LM 217079-c00 oe 


Cosa 


QUANTITY 
PER 
ASSEMBLY 


PART NUMBER REV 
DATE 05/24/76 LIST OF MATERIAL PAGE | of LM 217079-O001! L 


UNIT 
PART NUMBER DESCRIPTION VENDOR PART NUMBER 


000C3.000 ; 231447-C8C0O| CONNECTOR PC 36 PIN VIK=2VH=36/1CN-5 
Pl P2 P3 

000G2.000 214080-0C0O1} CONNECTOR-COVER 
99002.000 21408L-COO1} CLAMP 
00092.090 772228-0001L| CABLE COAXIAL 80 OHM UL STYLE 1371 GOA-GWN1013 
09907.000 41820L-0001] STRAP »MARKER ,ANJUSTABLEs PLASTIC QPL- MS3368-1-9 

REF 217C80-99C1| WIRE LIST»PT-TI-PT-CPU TO OMAC 
00005.000 4114C0-0018| wIRE,BARE TINNEDs18AWG, COPPER BUS 18-630 
C0633.000 966760-2856| WIRE,TWISTED PAIR #28 WHT/BLU- IPVC 1472 7STR ULEC4 
09001.CCO 216138-COCL| COVER»CCNAECTOR | 
00001.c00 216136-COC1| HOOC,CCNNECTOR 
00013.090 972434-0019| INSULATICN SLEEVING PVC CHLORIDE HT-105C-24 
00010.000 9729f4-COl6| SCREW 4-40 X 2.438 PAN HEAD CRES 
90302.0C0 418212-0040| STRAP, TIECCWN,ADJUSTABLE »PLASTIC OPL- MS3367-4-9 
00004.0C0 411027-C8C4| WASFER 0125 X 2312 X 2032 FLAT CRES QPL- MS15795-804 
00187.000 972053-0C002| SLEEVE,SCLCER,TAB TERMINAL PCH--C-704-02_ 

REF 973585-99C1] UNIT TEST PROCEDURE 


DRAFTSMAN 


APPD -MFG 


. 


TH 13849 


OATE | CKO DRAFTSMAN TITLE 


CABILE ASSY,CPU TO DNMAC—- 10 FT 


DATE | PROJECT NO. PART NUMBER REV 


DATE | APPO. PROJECT ENGINEER RELEASED 


€2-S 


PPD.-MFG. 


Ss INSTRUMENTS | 
CORPORATED 


LIST of MATERIAL 


DATE 05/24/76 PAGE 1 of LM . 217079-0004 tL) 
ar 
00003.C00 231447-0B00| CONNECTOR PC 36 PIN VIK-2VH-36/ 1CN-5 

PL P2 P3 
00002.000 214080-0001| CCNAECTOR-COVER 
00002.000 214C081-0001| CLAMP 
00052.000 772228-COC1| CABLE COAXIAL 80 OHM UL STYLE L371 GOA-GWN1013 
90007.000 4182C1-0001| STRAP »MARKER »ADJUSTABLE » PLASTIC QPL- MS3368-1-9_ 
REF 217080-9901| WIRE LIST,PT-TO-PT-CPU TO OMAC 
00005.000 4114C0-0018| WIRE,»BARE TINNED, 18AWG, COPPER BUS 
00358.000 966760-2896| WIRE,» TRISTEC PAIR #28 WHT/BLU IPVC 1472 7STR ULEC$L 
00001.000 216138-0001| COVER,»CGNNECTOR 
000C1.030 216136-0001] HOOC,CCNNECTOR 
00013.000 972436-0019| INSULATICN SLEFVING PVC CHLORINE HT-105C-24 
00010.000 972988-CC16| SCREW 4-40 X 2436 PAN HEAD CRES 
00002.000 418212-0040| STRAP, TIECOWN, ADJUSTABLE, PLASTIC QPL- MS3367-4-9 
00064.000 411027-0804| WASFER «125 X «312 X 2032 FLAT CRES OPL- MS15795-804 
00187.000 972053-0002| SLEEVE,sSCLOER,TAB TERMINAL RCH-=C-704-02 
REF 973585-99C1| UNIT TEST PRCCEDURE 
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ASSEMBLY 


0)0C3.90)) EA 23144/7-OHCO} CUNNECTCR PC 36 PIN VIK=2VH=36/10N-5 


PL P2 23 


09002.900 214080-G001|} CONNECTOR-COVER 


09002.000 214081-0001| CLAMP 

00180.V00 772223-0001] CABLE CCAXIAL 80 OHM UL STYLE 1371 GNA-GWN1013 

09007.Cc00 4182C1-0001; STRAP,MARKER,ADJUSTABLE,PLASTIC QPL- MS3368-1-9 
REF 217080-SSO1| WIRE LIST,PT-TO-PT-CPU TO DMAC 


09005.000 4114C0-0018) WIRE,PARE TINNED ,18AWG, COPPER BUS 


01200.000 966760-2896| WIRE,TWISTED PAIR #28 WHT/BLU IPVC 1472 7STR ULECYE 
000C1.000 216138-COC1| COVER,CCNNECTOR 

0J001.000 216136-COOlL} HONE ,»CCNNECTCR 

09013.000 9724 36-GVU19) INSULATICN SLEEVING PVC CHLORIDE HT-105C-24 
00010.000 972948-C016| SCREW 4-40 X .438 PAN HEAD CRES 

0c002.C00 A 418212-0040} STRAP,TIECCWN,ADJUSTABLE, PLASTIC OPL- MS3367-4-9 
JI004.000 411027-O08C4; WASFER 2.125 X «312 X .032 FLAT CPES OPL= MS15795-P04 
00187.C00 9720£3-0002}] SLEEVE,SCLOER,TAB TERMINAL RCH--C- 704-02 


REF 9 73585-9901} UNIT TEST PROCEDURE 


TAFTSMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINEER OATE | TITLE 
CABLE ASSY,CPU TO DMAC- 20 FT 
PPO -MFG. DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PROJECT NO. PART NUMBER 
LM 217079-002¢ 
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CHG 1) COMPONENT CONNECTION 
FOR FINISH STATION TO (CA)SH 2, WIRE FAWAS -B, FS 
WAS ~2, 6 WAS -C, £ WIRE ae 7 WAS -33 CB) SH 3, 
YURE 2/0 WAS ~-35 EA/IEWAS ~305/ahSH SD, W/RE 7 
WAS - 47% 8 WAS | -27, § #/2WAS -23; (D)SH Ss 
ace WIRE H/IZ3 WAS ~ dE F/S WAS - ¥; CE) SHO, WIE #1 
WAS P2-W, 2S WAS age ae 7 WAS -~-6,#OWAS -C, 
| ae WAS - Fy € 2/7 WAS - 23 CF) SH 7 WIRE #7 WAS -G. 
ae 2) COMPONENT CONNECTION FOR START STATION 7O 
(AMSA 2,WIRE FE WAS - & ,(B) SH 5S, WIRE FIT WAS-b, 
a /9 WAS - dy» 2I WAS ~ a, #23 WAS -F; (C)SH 7, 
WIRE / WAS -h, FFI WAS ~ ae #5 WAS ~hk, #7WAS — 
4#IWAS — Am, 2 z/1 WAS - 
3)SH S> SIGNATURE FOR WIRE “tt 19 WAS “MAD 6'. 
ADDED !) 2960, O, 2/7079 70 W4 BLOCK. 
2)SH £5 REMARKS 7O WIRES # 4 € G. 


a | 3682956) 1-25-90 Cfaderar- 
CHG. SH.5, 17.20 PINISH STA WAS P2—/2 


363464(C) 6-24-71 £7. ae 
fF PREVISED é REDRAWN WITH CHANGES SH PTHRI 7 


Fo TO CORRECT WIRE COLORS, 
ee eee 


374799 (B)L. P/ERCEY 8/4/72 ” J 
CHG: 1) WIRF DESCR. "CABLE" WAS "TEF". 2) IN DESCR. RL WAS "BLK", 
N/A LM ITEM NO WAS 15. 3) SH 4. WIRE # 8, FINISH STATION 
WAS P3-35. 4) SH 4, WIRE #8,REMARK WAS "THIS PIN HAS TWO 
CONNECTIONS". 5) SH 7, WIRE #8, FINISH STATION WAS P3-35. 
ADDED: 1) SH 4, WIRFS #15 & 16, &REMARK TO WIRES 4 & 6, 
2) SH 7, REMARK TO WIRE #12 
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DESCRIPTION 
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COMPONENT | COMPONENT 
CONNECTION | CONNECTION 
SIGNATURE FOR START FOR FINISH 
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P2 - 34 


CB4-51 


CB4-49 


CB4-58 


CB4-52 


CBF¢~-75 


CB4¢-&9 


CB4-73 


1 2 DS} 2ZIQLi2 Ja 4 
CB4-43 CB3-66 
GRANT CB3-74 
Sete: CHANGE, @ CB3-76 
’ CBt-3 
CB4-72 
INHLOAD, G= 
VCC SNT4HOIN AT NETWORK LOCATIONS 44.45 Bi, 
D4, £2, €3.F3.F4 AND FS. REVERSE GATE FN 
l ~ooa 1 va NO.S AS FOLLOWS 1173 4G, BSI0, Ih 13 
4D) } cay 004 AG,OD,Al 4 004 
lo 004 3 oe CB4¢~10 Tlooa AG.OD 2/- AL.OG AG,O- CHG: 1) ZONE B4,Pi') 10 CF E2 WAS TD VCS 
| | Tales pl! B>0e CRa-31 Az P Dat Obs re CB4-6 SH 2) ZONE B4,PiN 2 OF AZ WAS TO VCO 
0 ARO 5 XAG,O ¢ tk 3 4 % ZONE £2, Pik 10 OF BI WAS TO. 
ARDEV,O— = 0, 2960 Ib. oe 11) SAT: 
vec 004 ! OT2-A WAL OTE 2 AT D2, ALLEL -- 
XAG, O- 91 AS AR,O@ CBI-8 €CB/-/d TG Gi/-2D AT D-Z , EQ-004 PIN 10 
; } vec. WAS 12 ATC-1(ZIEMZ) PEWISED NEVE ELNG PINE C72..(3' 
} AGIO. 003 SHS i REVISED CT1- 20) 'BEENO PINS, CT?- B WHS 
api SYSCLKA G AG, I~ s CT2-$ ¢ CT2-0 WAG C726 AT E-4, S/GNWATULES 
15 004 NE TEG IG? CoS SSI 2 C63°5T CK 3C I=, CK SOUT § CK 2 SUT -WERE PU RUMIN, 
ARI = CPURUN, CPURUN™~ RESPECTIVELY AT D-2 - 
= web T } AG, le SKBD/- WAS SYS CLE ~4ISH4F AT E-2 AOLED CMl-6 
/ 2} 004 4281-53 TO OOS-EI€ PINS 9.19¢N TO CO!-EOAT Bi 
| yee AR.I@ (5) SW@:ADILO CTS THRU 20" TO CE OOI-NETIE 
} r CI Z-1 THRU 3470 LZI081 2.79 £09 AT AR 
veo O04 | E [oNs4a4 76702) all) REWSED Psi, 
2 Ab.2- FLIP-FLOPS ON GEETS 1,3,4.5€@ : 
AG.2G ’ AS FOL: ADDED VEC, RELL TA- RESETA+1,RESE TR~ | 
DAG & cr) ; 0 OF CB4¢-3 RESET BE), PS 4€); /0€713; PRECL me spectively (2) 
< SW1; AODEO C84-33 ¢ CB2-/7 TO 003, 89°2 (38,ALOLO LES 
@ AG, 2Q- CE4-33 TO “CHALE GAT BONE PRL CB EAS, 803; 
& SIGAIATURE TIN TOEY 7- WAS SHTLEY. 6765) ING, BR; 
AR ZQ OCEVCE COF BE FYVWE KUAS AB LG WAS 43 OG- 6) 
y SA1; ®83,63, 03; AOCED PULe GE 64,6, AO 
SIGMATUR ES MESPECT VELY 
| cn) 29E FPS (CE) IP Farr 7) 
vec PLUS EIO CV BX TEA LIE LA 
LIA CLE 
0040 5- fal 
Dera AG.3Q 5|ADOg ) : CB4-7 GICNS4I2Z9L2DTh 
Z AG, 3Q- ; 
AR 3a 
VvCc aor 
AGA ES. 
ars O CB4¢-5 
es i fe) 
G AC, 4FGA- 
6 
AR, 4Q 
4D 9 
NN 00g SYSCLKA 2002) 4 vec Aaa : 
5 @ ARS E5 De® ah _Ae.2a ADDO CB4-8 Cc 
5- 5 6 4 a5 y2 12 
’ oc CLK; 
} vec IN, Ka AG, 5Q- 
| 7 AR,5Q 
ior Gos “7 ee 
ARG Pee g ALGER D0--—>ca4-28 
O 
o> I 101 oo0¢ ae 7 AG 6Q- 
} 
VEC 13S Sie a PAG 6D, Az AR 6G 
P iL ARo- 4 Da CEN 14 veo 
AG,70 Al 004 
401 004 AG, 6D, B” OO! LS fo4 
SYSCLKA ) 6, 5° are AG ,7~ 
9 OOF > XAS7 i CEB 1|}BO 7 pr AG,7TO tne 5 AG 7a 1 83>0— CBQ-17 
pea g-9 RZ ese ae CLK = : a 
ARDEV, 7— 5 : aT AG 7Q- 
J 
13 
CB4-l6 AR TG 
-CB3-15 Seat SYSCLKA 
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CB2-57 [im | [care [ao 
geal | CB2-74 
AGINT,Q 
LN 5 VCC VCC VCC VCC AGINT,G- VCC 
‘ © 
-59 p 2 \ 
he EO} INTO . FO 10 ZA0 l ea a ‘ 
260 2 D023 002 !\,8 _>cTe-D é Te “aoa [sl or )po——ac 12 F 
5 11997 PoS—s>ctz-n CBZ Fo Pe Ee MwD.08 CBR: Pia ook A000 
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SECTION VI 
CONNECTOR PLATE WIRING INFORMATION 


Information concerning backpanel wiring for controllers contained in the 
various DMAC Expansion Configuration options is shown in table 6-1. Also 
included are configuration charts for these options to aid in controller card 


insertion. 
The kits include the wired connector plate, the four DMAC expander card 
assemblies, and the connecting cable. They do not include the chassis nor 


the DMAC device controllers, which are purchased separately. Load Lists 
and Pin Lists for the various configurations are also available. 


Table 6-1. Configuration Information 


External DMAC Expansion Configuration Options 


(216759) 


DMAC Expansion Wired Connector Plate 
Kit Part Number Part Number 


I/O Bus Connectors 
Blank Connectors 
Appendix 

Appendix Dash 

No. 


ste 
" 


‘Note Number 


966555-0001 
966555-0002 
966555-0003 
960328-0001 
960328-0002 
960328-0003 
960328-0005 
960328-0006 
960328-0008 
2 16694-0002 
216694-0003 
216694-0004 
216694-0006 
216694-0007 
955156-0004 
955156-0007 


*NOTES 


966437-0001 
966437-0002 
966437-0003 
240 788-0003 
240788-0004 
240788-0007 
240788-0009 
240788-0010 
240788-0011 
216695-0002 
2 16695-0003 
216695-0004 
216695-0006 
216695-0007 
240788-0005 
240788-0006 


DMAC Expander 
FHD (DDC) 

MHD (DIABLO) 

979 Transport (T.1.) 
Line Printer 
DMAC/BTC Adaptor 
DMAC Port Pairs 
I/O Bus Expander 


Rw 


Ce ce ae oe ee 0 ee ee ee 


Kit additionally contains wiring for 3 unassigned BTC kits for user custom applications. 
Kit additionally contains wiring for 2 unassigned BTC kits for user custom applications. 
Wiring for MHD and FHD controllers is such that either, but not both, kit may be installed. 


6-1 Digital Systems Division 


216759-9701 


B27 


Accessory Kit, DMAC Expander 966555-0001 (A2) 


216703-0001 


216700-0001 


961646-0001 


217073-0001 


961644-0001 


961624-0001 


961622-0001 


961632-0001 


961630-0001 


216709-0001 
216706-0001 


217070-0001 
217067-0001 


966462-0001 


966464-0001 


966466-0001 


966462-0001 


966464-0001 


EXP No. 4 
EXP No. 3 
LP No. 2 
LP No. 1 


Accessory Kit, DMAC Expander 966555-0001 (Al) 


A28 ~ 


961628-0001 


961626-0001 


240652-0001 


240650-0001 


240648-0001 


240646-0001 


240644-0001 


966466-0001 


961636-0001 


961634-0001 


966462-0001 


966464-0001 


966466-0001 


240654-0001 


Digital Systems Division 


B28 


A26 
A24 
A22 
A20 
Als 
Al6 
Al4 
Al2 
Alo 
A8 
A6 
Ad 
A2 


216759-9701 


A2 Not Used 
For 966555-0002 


Accessory Kit, DMAC Expander 966555-0002 (Al) 


216703-0001 216709-0001 
216700-0001 216706-0001 


6-3 Digital Systems Division 


216759-9701 


Accessory Kit, 


216703-0001 


216700-0001 


961646-0001 


217073-0001 


961626-0001 


961628-0001 


961630-0001 


961632-0001 


961626-0001 


216709-0001 
216706-0001 
217070-0001 
217067-0001 


961634-0001 


961636-0001 


966466-0001 


966464-0001 


966462 -0001 


961634-0001 


DMAC Expander 966555-0003 (A2) 


Accessory Kit, DMAC Expander 966555-0003 (Al) 


A28 
A25 961628-0001 MHD 2 961636-0001 MHEG 6 A26 
A23 A24 
A21 961630-0001 MHD 3 966466-0001 BTC 1 A22 
Alg 966464-0001 BTC 2 A20 
Al7 961632-0001 MHD 4 966462-0001 BTC 3 Als 
Al5 Al6 
Al3 240644-0001 TCL 1 966466-0001 BTC 1 Al4 
All 966464-0001 BTC 2 Al2 
AY 240646-0001 TCL 2 966462-0001 BTC 3 Alo 
A7 A8 
A5 240648-0001 TCL 3 240652-0001 TCL 5 A6é 
A3 A4 
Al 2490650-0001 TCL 4 240654-0001 TCL 6 Az 
Be a a eg A 
6-4 Digital Systems Division 


216759-9701 


Accessory Kit, DMAC Expander 960328-0001 (A2) 


216703-0001 
216700-0001 
217067-0001 
217073-0001 


961622-0001 


961624-0001 


966462-0001 


966462-0001 


961626-0001 


Accessory Kit, 


A27 A28 


961628-0001 


961630-0001 


966462-0001 


240644-0001 


240646-0001 


240648-0001 


240650-0001 


216709-0001 


216706-0001 


217070-0001 


961644-0001 


966466-0001 


966464-0001 


966466-0001 


966464-0001 


DMAC Expander 960328-0001 (Al) 


961632-0001 


961634-0001 


961636-0001 


966466-0001 


966464-0001 


240652-0001 


240654-0001 


Digital Systems Division 


216759-9701 


Accessory Kit, DMAC Expander 960328-0002 (A2) 


216703-0001 
216700-0001 


966462-0001 


961632-0001 


961630-0001 


961628-0001 


961626-0001 


966462-0001 


Accessory Kit, 


240648-0001 


240646-0001 


240644-0001 


216709-0001 
216706-0001 


966466-0001 
966464-0001 
961636-0001 
961634-0001 
966466-0001 


966464-0001 


DMAC Expander 960328-0002 (Al) 


6-6 


240654-0001 


240652-0001 


240650-0001 


Digital Systems Division 


216759-9701 


Accessory Kit, DMAC Expander 960328-0003 (A2) 


216703-0001 
216700-0001 


966462-0001 


961932-0001 


961630-0001 


961628-0001 


961626-0001 


966462-0001 


216709-0001 
216706-0001 


966466-0001 


966464-0001 


961636-0001 


961634-0001 


966466-0001 


966464-0001 


Accessory Kit, DMAC Expander 960328-0003 (Al) 


961630-0001 


961628-0001 


961626-0001 


' 961636-0001 


961634-0001 


961632-0001 


Digital Systems Division 
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Accessory Kit, DMAC Expander 960328-0005 (AZ) 


216703-0001 216709- 0001 
216700-0001 216706-0001 
217073-0001 
217070-0001 966462-0001 
217067-0001 


966464-0001 


961646-0001 966466-0001 


Accessory Kit, DMAC Expander 960328-0005 (Al) 


966462-0001 
966464-0001 


966466-0001 


966462-0001 


966464-0001 


966466-0001 


6-8 Digital Systems Division 
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Accessory A DMAC Expander 960328-0006 (A2) 


216703-0001 


216700-0001 


217067-0001 


217073-0001 


961622-0001 


961624-0001 


966462-0001 


966462-0001 


240644-0001 


216709-0001 
216706-0001 
217070-0001 


96 1644-0001 


966466-0001 


966464-0001 


966466-0001 


966464-0001 


Accessory Kit, DMAC Expander 9606528-0006 (Al) 


240646-0001 


240648-0001 


966462-0001 


250644-0001 


240646-0001 


240648-0001 


240650-0001 


6-9 


240654-0001 


240652-0001 


240650-0001 


966466-0001 


966464-0001 


240654-0001 


240652-0001 
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Accessory Kit, DMAC Expander 960328-0008 (A2) 


216703-0001 
216700-0001 


961622-0001 


961624-0001 


966462-0001 


961622-0001 


961624-0001 


966462-0001 


216709-0001 
216706-0001 


961644-0001 


966466-0001 


966464-0001 


961644-0001 


966466-0001 - 


966464-0001 


B28 


B26 


Accessory Kit, DMAC Expander 960328-0008 (Al) 


966462-0001 


966462-0001 


966466-0001 


966464-0001 


966466-0001 


966464-0001 


A27 A28 


Digital Systems Division 


216759-9701 


Accessory Kit, 


216703-0001 
216700-0001 
216779-0001 
216785-0001 
216773-0001 
217073-0001 
216827-0001 
216821-0001 
216815-0001 
216809-0001 
216803-0001 
216797-0001 


A2 Not Used 
For 216694-0001 


DMAC Expander 216694-0001 (Al) 


Port 2A 
Port lA 


6-11 


216709-0001 
216706-0001 
216782-0001 
216776-0001 
217070-0001 
217067-0001 
216830-0001 


216824-0001 


216818-0001 
216812-0001 
216806-0001 
216800-0001 


Port 2B 
Port 1B 
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A2 Not Used 


For 216694-0002 


Accessory Kit, DMAC Expander 216694-0002 (Al) 


216703-0001 EXP 2 216709-0001 EXP 4 

216700-0001 EXP 1 216706-0001 EXP 3 
PORT 2A PORT 2B 
PORT 1A | PORT 1B 


6-12 Digital Systems Division 
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A2 Not Used 
For 216694-0003 


Accessory Kit, DMAC Expander 216694-0003 (A2) 


216703-0001 
216700-0001 
217067-0001 
217073-0001 


966462-0001 


961626-0001 
961622-0001 
961628-0001 
961624-0001 
961630-0001 


216709-0001 


216706-0001 


217070-0001 


966464-0001 


966466-0001 


961632-0001 


961644-0001 


961634-0001 


961636-0001 


Digital Systems Division 
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A27 
A25 
A23 
A2l 
Al9g 
Al7 
Al5 
Al3 
All 


A2 Not Used 


For 216694-0004 


Accessory Kit, DMAC Expander 216694-0004 (A2) 


216703-0001 
216700-0001 
217067-0001 
217073-0001 


966462-0001 


240664-0001 


240646-0001 


240648-0001 


EXP 2 
EXP 1 
LP 1 
LP 3 
PORT B 
PORT A 


BTC 3 


TCL 1 


TCL 2 


TCL 3 


216709-0001 


216706-0001 


217070-0001 


966464-0001 


966466-0001 


240650-0001 


240652-0001 


240654-0001 


EXP 4 


EXP 3 


LP 2 


BTC 2 


BTC 1 


TCL 4 


TCL 5 


TCL 6 


A28 ~- 
A26 
A24 
A22 
A20 
Als 
Al6 
Al4 
Al2 
Al10 
A08 


Digital Systems Division 
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A2 Not Used 
For 216694-0006 


Accessory Kit, DMAC Expander 216694-0006 (A2) 


216703-0001 216709-0001 
216700-0001 216706-0001 


966462-0001 966462-0001 


966464-0001 966464-0001 


966466-0001 966466-0001 


6-15 Digital Systems Division 
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A2 Not Used 
For 216694-0007 


Accessory Kit, DMAC Expander 216694-0007 (A2) 


216703-0001 
216700-0001 


966462-0001 


966464-0001 


966466-0001 


961644-0001 


961624-0001 


961622-0001 


*BICY Assigned to DDC Controller 


216709-0001 
216706-0001 


966462-0001 


966464-0001 


966462-0001 


966462-0001 


966464-0001 


966466-0001 


*BTC 2Y 


Digital Systems Division 


216759-9701 


Accessory Kit, 


A2 Not Used 
For 216694-0008 


DMAC Expander 216694-0008 (Al) 


216703-0001 
216700-0001 


Port lA 
Port 2A 


Port 3A 
Port 4A 


Port 5A 
Port 6A 


Port 7A 
Port 8A 


216709- 0001 
216706-0001 


6-17 


Port 1B 
Port 2B 


Port 3B 
Port 4B 


Port 5B 


Port 6B 


Port 7B 
Port 8B 


Digital Systems Division 


216759-9701 


Accessory Kit, 


216703-0001 
216700-0001 
217067-0001 
217073-0001 


961628-0001 
961622-0001 
961626-0001 


966466-0001 


966464-0001 


Accessory Kit, 


966466-0001 


966464-000! 


240644-0001 


240646-0001 


240648-0001 
980 1/0 
980 1/0 
980 1/0 
980 1/0 
217217-0001 


DMAC Expander 955156-0004 (A2) 


28 


TCL 3 
1/0 6 
1/0 8 
1/O 12 
1/O 14 
I/O EXP 1 


6-18 


216709-0001 
216706-0001 
217070-0001 


961636-0001 


961634-0001 
961644-0001 
961632-0001 
961624-0001 
961630-0001 


966462-0001 


217535-0001 


966462-0001 


240650-0001 


240652-0001 


240654-0001 
980 1/0 
980 1/0 
980 1/O 
980 1/0 
217219-0001 


EXP 4 


TCL 6 
1/0 3 
1/o 5 
1/09 
1/O 11 


DMAC Expander 955156-0004 (Al) 


1/0 EXP 2 


Digital Systems Division 


216759-9701 


Accessory Kit, DMAC Expander 955156-0007 (A2) 


216703-0001 
326700-0001 


240652-0001 


240648-0001 


240644-0001 


966464-0001 


217535-0001 


EXP 2 
EXP 1 
PORT 2A 
PORT 1A 


TCL 5 


216709-0001 
216706-0001 


240654-0001 


240650-0001 


240646-0001 


966462-0001 


966466-0001 


EXP 4 
EXP3 
PORT 2B 
PORT 1A 


TCL 6 


Accessory Kit, DMAC Expander 955156-0007 (Al) 


A28 


966464-0001 


961644-0001 


961622-0001 


217073-0001 
217067 


217217-0001 


DDC 1 

LP 3 

LP 1 

1/O PORT 
I/O PORT 
I/O PORT 
I/O PORT 
I/O PORT 
I/O EXP 1 


966462-0001 


966466-0001 


961624-0001 


217070-0001 


217219-0001 


6-19/6-20 


I/O PORT 8 
I/O PORT 6 
I/O PORT 4 
1/O PORT 2 
I/O EXP 2 


Digital Systems Division 
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966437-0001 


CONNECTOR 
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216759-9711 216759-9712 


BLOCK 


TRANSFER LINE PRINTER DS330 DISC 


CONTROLLER USER'S MANUAL 


CONTROLLER 


240802-9701 217704-9701 . 942765-9701 


DS330 DISC 
CONTROLLER 


MAINTENANCE 


942764-9701 


979 TAPE 
TRANSPORT 
CONTROLLER 


DS31/DS32 FIXED HEAD 


DS44 DISC DISC DISC 


CONTROLLER CONTROLLER. 


CONTROLLER 
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